Objectives. We used data from SWEOLD, a Swedish nationally representative study of individuals aged 77 years or older, to examine midlife indicators of job strain in relation to cognitive performance and impairment.
C
HRONIC stress may lead to neural degeneration (Radley & Morrison, 2005; Sapolsky, 1996) and contribute to cognitive aging (Wilson et al., 2003) . However, little is known about what role work-related stress may play in cognition. This is despite the fact that most people are engaged in the work environment during adulthood and evidence that elevated stress associated with work may accelerate aging (Piazza, Almeida, Dmitrieva, & Klein, 2010) . The job strain model of Karasek (1979) has been widely used to test associations between work-related stress and health outcomes, especially cardiovascular disease. Exposure to job strain is classified based on job control, job demands, and combinations of these measures across four dimensions: low strain (high control/low demands), passive (low control/low demands), active (high control/high demands), and high strain (low control/high demands).
There is evidence indicating that high job strain adversely affects health, particularly cardiovascular health (e.g., Belkic, Landsbergis, Schnall, & Baker, 2004) . Hypotheses regarding cognition exist for two of the four dimensions-high strain and active jobs. In the only study to date that tested the job strain-cognition link (Elovainio et al., 2009) , longer exposure to high strain jobs and shorter exposure to active jobs were associated with lower cognitive performance. The latter finding may indicate that certain demanding jobs, although stressful, may also facilitate cognition by engaging the individual intellectually, particularly when combined with high job control. This concept is reflected in the environmental complexity hypothesis (Kohn & Schooler, 1983; Schooler, Mulatu, & Oates, 1999) .
We examined self-reported and occupation-based measures of job strain collected during midlife in relation to cognition in advanced old age. Based on the job strain model, we hypothesized that low job control and high job strain (low control/high demands) would be associated with poorer cognition. Based on the environmental complexity hypothesis, we expected that having an active job (high control/high demands) would be associated with better cognition.
Methods

Participants
We used the 1968 Swedish Level of Living Survey (LNU; Jonsson & Mills, 2001 ), a nationally representative study, and the 1992 and 2002 waves of Longitudinal Study of Living Conditions of the Oldest Old (SWEOLD; Lundberg & Thorslund, 1996) , all conducted by face-to-face interviews. The SWEOLD study sample was recruited from all LNU participants 77+ years old at SWEOLD data collection, including 537 individuals in 1992 (response rate: 95.4%) and 621 in 2002 (response rate: 84.4%). There were 1,158 total observations across 1,033 individuals and 911 observations (827 individuals) with data for the measures of cognition and occupation. The participants averaged 82.7 years of age (SD = 4.2) at cognitive testing and 53.5 years (SD = 6.5) in 1968 when the occupational measures were taken.
Measures
Cognition was measured using an abridged version of the Mini-Mental State Examination (MMSE; Folstein, Folstein, & McHugh, 1975; Parker, Gatz, & Thorslund, 1996) The average score was 8.6 points out of a maximum of 11 (SD = 2.3). Previously validated cutoff for clinically significant cognitive impairment (17% of sample) was scoring <7 (Parker et al., 1996) .
Job strain.-These measures, obtained from the 1968 LNU interviews, were derived from the job strain model (Karasek, 1979 , Karasek & Theorell, 1990 . The measure of job demands was designed to measure psychological stress, with task pressures thought to be the best indicator of workrelated stress. Job control is a measure of the extent to which one can use personal judgment and assert control in the workplace and is highly correlated with general decision-making authority (Karasek, 1979) and expert ratings of intellectual discretion (Karasek, Baker, Marxer, Ahlbom, & Theorell, 1981) .
Self-reported job demands and job control, which were available for 57% of the sample, were described and validated by Karasek and colleagues (1981) using the 1968 LNU, the population from which we drew our sample. Job demands consisted of two yes/no items-"Is your work psychologically taxing?" and "Is your work hectic?"-characterized as low (0; no on both items), medium (1; yes on one item), or high (2; yes on both items). Job control consisted of "Years of training required" and "Is your job repetitious/monotonous?" (reverse scored) and was characterized, assuming that low control reflects high strain, as low (3; repetitious/monotonous), medium (2; not repetitious/monotonous, minimum skill level), medium-high (1; not repetitious/monotonous, 1-4 years of training), and high (0; not repetitious/monotonous, >4 years of training).
For the occupation-based measures of job strain, we used the previously validated psychosocial job exposure matrix (Johnson, Stewart, Hall, Fredlund, & Theorell, 1996) . Job control includes 12 items; job demands includes two items. Weighted averages were used to generate the scores, with possible range of 0-10. In our study, job demands scores ranged from 0.6 to 8.8 (M = 4.4, SD = 1.6) and job control from 1.6 to 7.7 (M = 4.6, SD = 1.5). These variables were dichotomized using a median split, a strategy suggested by previous research (Hammar, Alfredsson, & Johnson, 1998) .
The occupation-based and self-reported scores are significantly correlated and have shown the expected associations with chronic diseases (e.g., Johnson & Stewart, 1993) . In our study, 67% of participants with both self-report and occupation-based job control data were placed in the same low/high category, and the same was the case for 60% of the participants for job demands.
Childhood living conditions were assessed with four items administered in 1968: parents' education (basic/one or both more than basic), economic hardship during childhood (yes/no), conflicts in the family (yes/no or uncertain), father's socioeconomic position (manual/nonmanual).
Midlife factors (measured in 1968) included the respondent's own socioeconomic position (manual/nonmanual work); work complexity (see Andel et al., 2005) Finally, cardiovascular health at cognitive screening (1992 or 2002) was assessed with self-reported pain or aches in the chest, coronary thrombosis/myocardial infarction, heart problems, and high blood pressure, which were scored as no (0), yes, slight (1), and yes, severe (2) and categorized as no (0, 49%), slight (1, 27%), and some (more than 1, 24%) cardiovascular problems.
Statistical Analysis
The main independent variables were self-reported job control (low/medium/medium-high/high, with 17%, 49%, 17%, and 17% of the sample represented in the four categories) and demands (low/medium/high, with 31%, 41%, and 28% of the sample represented), and occupation-based job control and demands (low/high based on median split). To test our hypotheses regarding high job strain (low control/high demands) and active jobs (high control/high demands), we categorized variables as follows: We dichotomized self-reported job control as low (low/medium) versus high (medium-high/high) and self-reported job demands as low (low/medium) versus high (Karasek et al., 1981) . For occupation-based measures, we simply used a median split (Karasek, 1979) . Then, we compared those with high-strain jobs or active jobs to other participants as was done previously (Elovainio et al., 2009 ). Using self-reports, 11% were categorized into high job strain and 16% into active jobs; based on occupation, 13% had high-strain jobs and 39% had active jobs.
The distribution of MMSE scores was highly negatively skewed; hence, we chose a categorical approach to data analysis using ordinal logistic regression with each MMSE score being a level of the outcome (Hardin & Hilbe, 2007) . Binary logistic regression was used for cognitive impairment. To maximize sample size, we included all available observations, including two observations for each of the 84 individuals who were administered the MMSE both in 1992 and in 2002. To adjust for the correlated data, we used the clustercorrelated robust estimate of variance (e.g., Williams, 2000) in SAS (version 9) procedure GENMOD (SAS Institute, 2003) . We report the estimates (i.e., unstandardized coefficients), odds ratios (ORs; i.e., exponents of the estimates), and standard errors of the estimates. Odds ratios below 1.00 indicate lower odds of a higher MMSE score, i.e., a relatively poor MMSE or cognitive impairment associated with an independent variable (relative to a reference category), whereas ORs above 1.00 indicate the opposite.
First, we estimated basic models adjusted for age, level of education, year of cognitive screening, and sex. When the basic models yielded significant associations (p < .05), we examined the proportion of the association accounted for by additional covariates with the following formula: % explained = (Estimate basic model − Estimate model with covariates / Estimate basic model ) × 100.
Results
The 122 participants with missing cognitive or job strain data did not differ from the analyzed sample on age, education, sex, self-rated health, or year of cognitive screening (ps > .20). Sample characteristics are presented in Table 1 .
In the main analyses (Table 2) , self-reported lower job control was associated with lower MMSE scores, but it was not significantly associated with the odds of cognitive impairment. Among occupation-based measures, having low job control was associated with a lower MMSE score than having high job control and greater odds of cognitive impairment. Having an active job was associated with a better MMSE score and reduced odds of cognitive impairment compared with having another job type. The respective associations for high job demands and high job strain approached significance.
The contribution of other covariates to the significant associations from Table 2 is shown in Table 3 . The results were virtually unaffected by childhood living conditions, depressive symptoms, social activity, and cardiovascular problems. Conversely, work complexity and socioeconomic position partially mediated the relationship between indicators of job strain and cognition, although neither work characteristic fully explained the significant associations from Table 2 . Particularly, socioeconomic position appeared to share a substantial amount of variance with indicators of job strain in this study, explaining 38% of the association between occupation-based job control and MMSE score and between having an active job and MMSE score. 
Discussion
We examined self-reported and occupation-based measures of job strain at midlife in relation to cognitive performance and impairment in advanced old age. We found that low job control, whether self-reported or based on occupation, was associated with poorer cognitive performance and greater likelihood of cognitive impairment, which provides some support for the job strain model in relation to cognition. Work complexity and socioeconomic position showed some influence on this association but did not fully explain it. We also found occupation-based active jobs (high control/high demands) to be associated with better cognitive performance and reduced likelihood of cognitive impairment, results that theoretically could be due to lower workrelated stress and/or greater intellectual engagement. However, the limited attenuation of this effect by work complexity suggests that job strain is the more likely underlying mechanism.
We found high overlap between socioeconomic position (manual/nonmanual work) and job control (high/low) measured with self-reports (83%) and occupation-based measures (73%). This overlap may suggest that factors associated with socioeconomic status such as low income or undesirable working conditions may play a role in the association between job strain and cognition. Conversely, it can also be argued that the central attribute of job strainwork-related stress-operates partially through socioeconomic position. Notably, socioeconomic position did not fully explain our results.
The finding that midlife depressive symptoms did not explain more of the observed associations was somewhat surprising as greater depressive symptoms are a proposed pathway between job strain and health (Karasek, 1979) . It may be that our measure was not sensitive enough and/or the fact that occupational exposure is only one of the many sources of stress.
The results should be interpreted with caution. First, cognition was measured cross-sectionally, albeit many years following self-report of job strain. We attempted to address this by controlling for education of participants and their parents as factors that would contribute to lower cognitive performance not due to actual decline. Second, subjective job control was based on only two items, whereas the more recent measure includes 15 items (Karasek, 1985) . Still, both still tap into the same two dimensions-decision authority and intellectual discretion. Third, we used a snapshot of occupation rather than a full occupational history. However, participants were well into their careers in 1968, and low occupational mobility was typical in this cohort (Oyer, 2008) . Finally, our measure of cognitive functioning was brief due to the comprehensive nature (and length) of the overall interview.
In conclusion, we found that job control and the combination of job control and demands may influence cognitive functioning in advanced old age, most likely through their association with work-related stress. 
